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N. Labropoulos,* L.R. Leon, Jr L.P. Brewster, L. Pryor, J. Tiongson, S.S. Kang,
M.A. Mansour and P. KalmanDepartment of Surgery, Loyola University Medical Center, Maywood, IL 60153-3304, USAPurpose. To determine the effect of age and atherosclerotic risk factors on the carotid intima-media layer thickness and
morphology characteristics.
Patients and methods. Three groups of subjects were included in the study: Individuals with atherosclerotic risk factors
including a family history of CHD, hypertension, hyperlipidemia, diabetes, and/or smoking (group A, nZ180), age- and
sex-matched healthy subjects without risk factors (group B, nZ60) and a group of significantly younger volunteers (group
C, nZ25). The carotid artery was imaged longitudinally with B-mode ultrasound. Intima media thickness (IMT) was
measured in the common (CCA) and internal carotid (ICA) arteries. Surface irregularity and continuity of the intima-media
layer (IML) were assessed by high definition imaging. Echogenicity of the wall was quantified using Adobe Photoshope. The
presence of calcium deposits was recorded. The double line wall pattern seen in young healthy people was used as a control to
assess patterns and texture of the carotid IML. Fifteen subjects had their measurements repeated for intraobserver variability.
Results. IMT measurements were reproducible in both the CCA and ICA (coefficient of variation 6% and 9%). IMT
increased linearly with age (adjusted R2Z0.72, p!0.0001), which was also an independent risk factor for increased IMT.
All the risk factors had a significant association with increased IMT. In the lowest (third) decade the wall/blood interface was
smooth and the double line was visualized with an echolucent center. With increased age and number of risk factors present,
the wall/blood interface became more irregular (p!0.01), the double line was distorted (p!0.01) and the IML was more
echogenic (p!0.01). The increase in IMTand the changes in the echogenicity of the IML were more pronounced in the ICA.
Conclusions. Age is an independent risk factor for increased IMT. Atherosclerotic risk factors are associated with the age-
related changes seen in the IML. Such changes are also seen in younger asymptomatic volunteers with risk factors indicating
that their arteries are older than their age.Keywords: Intima-media thickness; Duplex ultrasound; Plaque morphology; Atherosclerotic risk factors.Introduction
Myocardial infarction and stroke are the most
prevalent fatal events. The yearly incidence of newly
diagnosed coronary heart disease (CHD) in the USA is
approximately 500,000 cases, with angina being the
initial event in 47% of cases.1 Most patients presenting
with typical angina already have significant CHD,
with almost 50% of them having triple vessel or left
main disease.2 Asymptomatic individuals in popu-
lation-based studies with atherosclerotic risk factors
had a combined stroke and MI event rate of 3.8% at 2.7
years3 and 12.3% at 6.2 years follow-up.4 To better
identify silent progression of atherosclerosis, studies
identifying vessel abnormalities prior to end organing author. Nicos Labropoulos, PHD, DIC, RVT,
ofessor of Surgery, Department of Surgery, Loyola
edical Center, 2160 South First Avenue, Maywood, IL
SA.
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these is Duplex ultrasound (DU) identification of
carotid intima-media thickness (IMT).
IMT represents a marker of pre-clinical athero-
sclerosis because of its correlation with vascular risk
factors5 and with the severity and extent of CHD. It
may also serve as a surrogate endpoint to measure
probability of disease or effectiveness of treatment.3,4
While prior studies focused chiefly on quantitative
IMT measurements, this study was designed to
describe not only the IMT but also the morphologic
characteristics of carotid intima-media layer (IML) and
its relation to atherosclerosis and age.Methods
Three groups of subjects were included in the study:
individuals with atherosclerotic risk factors or
family history of CHD and/or stroke, hypertension,Eur J Vasc Endovasc Surg 30, 588–596 (2005)
doi:10.1016/j.ejvs.2005.06.011, available online at http://www.sciencedirect.com onved.
Are Your Arteries Older Than Your Age? 589hypercholesterolemia, diabetes, and smoking (group
A), age- and sex-matched healthy subjects without risk
factors (group B) and a group of significantly younger
volunteers (group C). Group A patients were consecu-
tive. They were referred to our vascular laboratory for
a carotid duplex scanning. Their risk factors were
determined by history or blood tests for hypertension,
diabetes and hyperlipidemia. Smoking and family
history were determined by self-reporting of the patients.
The risk factors were defined by using the following
definitions: Systolic blood pressure O140 mmHG for
hypertension, a total cholesterol O200 mg/dL and an
LDLO130 mg/dL for hypercholesterolemia. Diabetes
was considered to be present when the patients were
receiving oral hypoglycaemics or insulin. A positive
family history required patients to have at least two
first-degree relatives with CHD or stroke. Group B
patients were those who came to our hospital for a
non-arterial problem, also friends and staff members.
All of them had an examination within the last 18
months that was negative for the risk factors studied.
Group C subjects were friends, staff members and
medical students who volunteered for the study.
Patients with previous carotid interventions, arterial
dissection or thrombosis, fibromuscular dysplasia,
arteritis, neck irradiation, carotid occlusion or cerebro-
vascular events were excluded because of their
possible relationship to increased IMT. These con-
ditions were excluded by history, examination and
review of the case records.
The carotid artery was insonated longitudinally
with B-mode DU using compound imaging (HDI 5000,
Philips Medical Systems, Bothell, Washington, DC).
IMT was measured in both the common (CCA) and
internal carotid (ICA) arteries. In the CCA the IMT was
measured within 3 cm from the flow divider (Fig. 1). In
the ICA the IMT was measured within the bulb. The
IML was measured three times in its thickest area at
both segments and a mean value was calculated from
those three values for each segment. The IML was
assessed for continuity, irregularity and calcification.
Discontinuous ultrasound pattern was defined by the
presence of acoustic holes (Fig. 2). Irregularity was
defined as an uneven wall/blood interface that was
measurable by DU (Fig. 3). High-definition imaging
magnification was used to assess surface irregularity
and continuity. IML echogenicity was quantified using
Adobe Photoshope as described elsewhere for eval-
uating carotid plaques (Fig. 4).6 All pictures were
normalized to minimize the influence of variations in
depth and equipment adjustments. The carotid lumen
which appears dark on DU was set at minimum with a
0 brightness value. The adventitia, which appears very
bright on DU, was set at a maximum value of 180. Themedian distribution of grey values of the pixels within
the carotid IML (grey scale median-GSM) was used as
the measurement of echodensity. The grey levels of the
pixels were coded on a scale 0–255 (0Zblack, 255Z
white). Dense calcification was detected by the
presence of an acoustic shadow posterior to a very
bright area within the carotid wall. Less intense
calcification was considered to be present when the
IML was much brighter than adjacent areas in the
absence of an acoustic shadow posteriorly.
The double line wall pattern seen in carotid arteries
of young healthy people was used as a control to
assess patterns and texture of the carotid wall. Fifteen
subjects had their measurements repeated in order to
assess intra-operator and interobserver variability. In
the second visit the measurements were performed
twice with at least 30 min interval between them. The
institutional review board approved the study and
informed consent was obtained.Statistical analysis
Analysis of the patients’ characteristics was performed
by descriptive statistics. Unpaired, two tail, t-test was
used to compare continuous data. Differences in
proportions were analyzed with the Chi-square test.
Yates correction for continuity and Fisher’s exact test
were used accordingly when the sample size in any
cell was small (IML characteristics in group B vs.
group C). Confidence interval analysis was performed
to compare the IMT values in the different groups and
for the number of risk factors in group A. Normal
distribution for the confidence intervals was used in
groups A and B and t-distribution for group C, as its
size was !100. Linear regression was used to
determine the effect of age on IMT in groups B and
C. Mulitilinear regression was used to determine the
association of IMT with the different risk factors in
group A. The highest IMT value between the left and
right carotid was used in the regression. Data were
analyzed with statistical package for the social
sciences (SPSS) software version 10.0 (SPSS Inc,
Chicago, IL).Results
The demographic characteristics of the three groups
are shown in Table 1. Because our groups were
selected, no significant differences were seen in groups
A and B other than the presence of risk factors.
Subjects in group C were significantly younger (p!
0.001). The prevalence of the risk factors in the group AEur J Vasc Endovasc Surg Vol 30, 12 2005
Fig. 1. Measurements of common carotid IMT. (a) Normal
IMT in a 33-year-old female from the young controls (group
C). The luminal/wall interface is smooth and the IMT is
0.5 mm. (b) Increased IMT in a 63 year-old female patient
with three risk factors. The wall luminal/wall interface is
irregular.
Fig. 2. Changes in the luminal/wall interface. (a) Acoustic
holes in the IMT representing the first detectable change of
atherosclerosis. This can be explained by the concave
luminal/wall interface that does not reflect sound waves
from its center. (b) Irregular surface, which is easily seen by
the naked eye.
Fig. 3. Focal calcification of the carotid wall. The increased
brightness and the acoustic shadow below it indicate the
presence of dense calcification, which cannot be penetrated
by the ultrasonic beam.
N. Labropoulos et al.590were hypercholesterolemia 73%, hypertension 55%,
positive family history 54%, diabetes 46% and
smoking 23%. The number of risk factors per subject
is shown in Table 2. Twenty-six additional patients
were excluded due to carotid interventions (nZ9),
arterial dissection (nZ1) or thrombosis (nZ2), fibro-
muscular dysplasia (nZ1) arteritis (nZ1), neck
irradiation (nZ2) carotid occlusion (nZ2) or cerebro-
vascular events (nZ8) because of their possible
relationship to increased IMT.
The intraobserver variability was less in the CCA
than the ICA with a coefficient of variation 6 and 9%,
respectively. The intra-operator and interobserver
variability for the presence of calcium was 1 and 2%,
respectively. The same values for continuity, irregu-
larity and echogenicity varied from 2 to 6% and 3 to
8%, respectively.
In the groups without risk factors (B and C) the
IMT increased linearly with age (adjusted RZ0.72, p!
0.0001, Table 3). In the group C all the risk factors had a
significant impact on the IMT (p!0.0001, Table 4). The
relationship between the number of risk factors and
IMT values in the CCA and the ICA are shown in
Tables 4 and 5, respectively. In the former, patientsEur J Vasc Endovasc Surg Vol 30, 12 2005having 4 or 5 risk factors had a significantly higher
IMT values than those of patients with fewer factors
(p!0.01). In the ICA, a similar correlation was found
but additionally, patients with three risk factors had
also significant differences in IMT values when
compared with those having 2 or 1 factors (p!0.05).
In group C the wall/blood interface was very
smooth and the double line was present with an
echolucent center. The wall/blood interface became
more irregular (p!0.01), the double line was distorted
Fig. 4. Computer echodensity analysis of the carotid IMT.
(a) The GSM from a normal volunteer has a much lower
value than that in picture (b), which is from an older
patient with three risk factors.
Are Your Arteries Older Than Your Age? 591(p!0.01) and the IML was more echogenic (p!0.01) in
group A (Table 6). These differences were also
significant between groups B and C (p!0.01). The
IMT increase and the IML echogenicity changes were
greater in the ICA. The IMT was significantly higher in
patients with R1 risk factor compared to both control
groups (p!0.02). This difference was more apparent at
the origin of the bulb (p!0.0006). The IMT had its
highest value in the bulb area compared to the CCA
(p!0.03). The IML was more often discontinuous and
irregular in groups A and B compared to group C (p!
0.01). Calcification was most often present in subjects
with atherosclerotic risk factors (Table 6). Groups A
and B had brighter IML than group C (Table 6, p!
0.01). In individuals with risk factors the median grayTable 1. Demographic characteristics
Group Subjects Carotids Male
A 180 360 102
B 60 120 34
C 25 50 14
* Group C vs. A or B, p!0.001; group A vs. B; p, non-significant; y, yscale was significantly higher compared to age- and
sex-matched subjects without any risk factors (p!
0.01). This value was greater in the bulb area than in
the CCA (p!0.01).DiscussionDemographics
A wide range of age variation was noted in group A
(26–87; Table 1). The creation of this group was based
on consecutive patients with risk factors and not on a
normal age distribution. Nevertheless, the mean age of
this group (61) is similar to that of groups with similar
risk factors.7–9
The individuals in the group B were unexpectedly
hard to find. Even though they did not have the risk
factors of group A, it is unknown if they had other less
prevalent factors, such as metabolic defects or genetic
polymorphisms that might have influenced the results
of this study. This control group makes our findings
very important, as previous reports do not include an
age- and sex-matched cohort without risks factors.
Group C was selected for comparison purposes,
given that young healthy people have a smooth,
regular double lining of the carotid artery wall.
B-mode DU description of IMT roughness and shape
is linked to cardiovascular risk factors including age.10
This pattern was used as a control to assess that of
older subjects with and without risk factors.Repeatability
The coefficient of variation for the CCA was 6 and 9%
for the ICA. These results are comparable with our
prior experience showing a variability ranging from 3.
7 to 7.8% in the CCA. This is also consistent with the
published variability, which ranges from 3 to 10.5%.11–14
The variation in the ICA is higher than the CCA
because the incidence of the ultrasound beam in the
former may not be as perpendicular as in the latter.
The intra-operator and interobserver variability for the
presence of calcium, continuity, irregularity and
echogenicity had low variation as the first three wereFemale Mean age (y)* Range (y)
78 61 26–87
26 58 40–76
11 29 20–38
ears.
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Table 2. Number of risk factors per subject in group A
Number of risk factors Number of subjects %
1 38 21.1
2 69 38.3
3 47 26.1
4 15 8.3
5 11 6.1
Total 180 100
Table 4. CCA IMT in relation to the number of risk factors
Group Number of
risk factors
Number of
subjects
Mean
(mm)
95% CI
C 0 25 0.5 0.472–0.528
B 0 60 0.61 0.585–0.635
A1 1 38 0.65 0.571–0.729
A2 2 69 0.73 0.684–0.776
A3 3 47 0.8 0.738–0.862
A4C5 4C5 26 1.1 0.979–1.22
Group C vs. B p!0.02; group C or B vs. A p!0.001; group C vs. any A
subgroup p!0.01; group B vs. A1 non-significant; group B vs. A2 p!
0.01; A4C5 vs. A3 p!0.01; A4C5 vs. A1 or A2 p!0.0001; A3 vs. A1 p!
0.02; A3 vs. A2 and A2 vs. A1 non-significant. CCA IMT: common
N. Labropoulos et al.592easily recognized features and the last one was
performed by a computer analysis. These findings
need to be confirmed by other investigators.carotid artery intima-media thickness; CI: confidence intervals.Age and IMT
There was a significant correlation between age and
IMT. This is in agreement with large epidemiological
studies.15,16 It is known that age is associated with
arteriosclerosis and atherosclerosis. Even in the
absence of atheroma, the wall of the arteries becomes
thicker and stiffer.17,18 Both conditions often coexist
and most likely one promotes the other. Other risk
factors have a significant association with increased
IMT and can be independent of age. However, most of
these factors have higher prevalence with increasing
age. According to our multilinear model all the risk
factors were important for the IMT increase and
independent of age. It seems that age had a lesser
impact compared to the rest of the factors.Hypertension and IMT
Like prior studies that identified the correlation
between IMT and known risk factors for CHD,15,19,20
we found significantly higher IMT values in patients
with at least one risk factor. Previous studies have
linked high blood pressure with increased IMT.21,22
Hypertension is inherently related with aging and
arteriosclerosis23,24 and IML is particularly thickened
in individuals with isolated systolic hypertension.19,20
Ferrara et al.19 showed that individuals withTable 3. Multilinear regression model with the coefficients of the ris
Model Unstandardized coefficients
B Std. error
1 Constant .146 .051
Age .0036 .001
Hypertension .215 .020
Diabetes .234 .019
Cholesterol .182 .022
Smoking .286 .022
Family History .175 .020
Dependent variable: IMT.
Eur J Vasc Endovasc Surg Vol 30, 12 2005uncomplicated primary hypertension had a signifi-
cantly higher IMT when compared to normotensive
controls matched for other cardiovascular risk factors.
Increased blood pressure is believed to cause endo-
thelial damage, which according to the ‘response to
injury’ hypothesis25 sets the stage for lipid infiltration,
IML thickening, and eventual plaque formation.Lipids and IMT
Hypercholesterolemia is known to increase IMT.3
There is also a linear correlation between plasma
cholesterol values and IMT.26,27 Increased IMT values
in patients with hypercholesterolemia were found in
children,28 especially those with a familial form.29,30
Some authors have advocated the use of LDL-
cholesterol rather than the total cholesterol,31,32 as
oxidized LDL particles undoubtedly play a key role in
the thickening of the IML.33,34 In our study all patients
with hypercholesterolemia had abnormal LDL. There
is also an inverse relationship between IMT and high-
density lipoprotein (HDL)-cholesterol.27,31,32 It has
been shown in men with low HDL-cholesterol that
IMT is increased even without an increase in LDL-
cholesterol.35 Low HDL-cholesterol is a strong risk
factor for increased IMT in diabetic patients,27,36 and
IMT has also been correlated with the HDL/LDL
ratio.31,37 Here lies much of the clinical usefulness ofk factors and their impact on the IMT
Standardized
coefficients, b
t Sig.
2.8 .005
.145 4.0 .000
.375 10.5 .000
.408 12.1 .000
.282 8.3 .000
.424 12.8 .000
.306 8.9 .000
Table 5. ICA IMT in relation to the number of risk factors
Group Number of
risk factors
Number of
subjects
Mean
(mm)
95% CI
C 0 25 0.52 0.486–0.554
B 0 60 0.63 0.599–0.661
A1 1 38 0.74 0.648–0.832
A2 2 69 0.82 0.777–0.863
A3 3 47 0.94 0.864–1.02
A4C5 4C5 26 1.32 1.18–1.46
Group C vs. B p!0.01; group C or B vs. A p!0.0001; group C vs. any
A subgroup p!0.01; group B vs. A1 non-significant; group B vs. A2
p!0.01; A4C5 vs. A3 p!0.01; A4C5 vs. A1 or A2 p!0.0001; A3 vs. A1
p!0.01; A3 vs. A2 p!0.05; A2 vs. A1 non-significant CCA IMT:
common carotid artery intima-media thickness; CI: confidence
intervals.
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treatment and in following IMT regression with
adequate therapy. Several studies have shown that
this treatment reduces the annual rate of IMT
increase.7–9
The IMT in patients with both high systolic blood
pressure and LDL-cholesterol was greater than the
IMT of the controls and patients with only one of these
risk factors suggesting a synergistic effect between
these two independent variables.38 Such findings were
also suggested by the KAPS and the ACAPS studies.7,39Table 6. IML characteristics
Regularity
Smooth Irregular % Irregular
Group A 38 322 89
Group B 86 34 28
Group C 48 2 4
Group A vs. B and B vs. C, p!0.001
Continuity
Continuous Discontinuous %
Group A 3 357 99
Group B 8 112 93
Group C 41 9 18
Group A vs. B and B vs. C, p!0.001
Echogenicity
Grey scale median*
Group A 102
Group B 81
Group C 65
Group A vs. group C, p!0.0001; group A vs. B or group B vs. C, p!
0.01
Wall calcification
No calcium Calcium % Calcium
Group A 298 62 16
Group B 115 5 4
Group C 50 0 0
Group C vs. B, NS; group C vs. A, p!0.0001; group B vs. A, pZ0.02
* Grey scale median: The median distribution of grey values of the
pixels within the carotid IML.This is in agreement with the ‘response to retention’
hypothesis.40Diabetes and IMT
Non-insulin dependent diabetics (NIDDM) have
significantly increased IMT compared to non-diabetic
patients.41,42 Insulin dependent diabetics also have an
increased IMT43 even when compared to patients with
NIDDM.44 The management of diabetes in these
patients is critical as lower IMT has been associated
with better disease control,44 especially in patients
receiving intensive insulin treatment.45Smoking and IMT
There is a well-established association between
smoking and IMT.26,46 Active smokers usually have
higher IMT than former smokers and it depends on the
total lifelong smoking dose.47 Smoking also influenced
the progression rate of wall thickening with aging.48
The MARS study showed that this progression could
be slowed down through lifestyle modifications and
decreased tobacco use.49Family history and IMT
Several case-control50,51 and prospective52,53 studies
have suggested a familial pattern to CHD. Few studies
have addressed the relationship between DU measure-
ments of carotid artery atherosclerosis and family
history of CHD. IMT reflects the association and
interaction of multiple risk factors over time and
could be used as a marker of cardiovascular prog-
nosis.54 IMT values correlated well with overall
cardiovascular risk profile.55,56Difference between bulb and CCA IMT
The difference in the IMT between the control groups
and the patients with R1 risk factor was more
apparent at the origin of the carotid bulb than in
CCA. The ‘response to injury’ model of atherosclerosis
can also account for this finding,57 as the disturbed
flow causes dysfunctional endothelial cell prolifer-
ation and wall thickening.58Intima-media layer features
The method for the analysis of the IML characteristics
has been used before for the evaluation of the carotidEur J Vasc Endovasc Surg Vol 30, 12 2005
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applied in the assessment of the IML. The IML was
more discontinuous and irregular in the two older
groups when compared to the younger subjects. This
may be partially explained by the vessel wall features
as perceived by DU. The morphologically irregular
surface of a vessel wall scattered with atherosclerotic
changes is interpreted as an absence of the wall at
various points along the vessel length. This occurs
because the ultrasound signals that are directed into
vessel wall concavities with abnormal endothelial
lining are not reflected back to the probe and,
therefore, they are not seen. Instead, the beams arising
from the regular wall of a vessel are reflected directly
back. Furthermore, electron microscopy has shown
that atherosclerotic vessels have leukocytes and fatty
streaks clustered along the endothelium, suggesting
localized cell surface changes at those sites.57 This
could account for the irregularities and discontinuity
of the carotid artery wall as seen by DU. This would
represent the earliest marker for the atherosclerotic
cascade and allow for intervention before clinically
apparent end organ involvement.
The IML was more echogenic (brighter) in the 2
older groups as compared to the younger controls.
Clinically apparent cardiovascular disease usually
presents as a late manifestation of widespread
atherosclerosis. It typically begins subclinically as
endothelial damage with gradual IML thickening.
An increased IML ‘granularity’ (reflectivity) associ-
ated with atherosclerotic disease has been described.59
A more granular appearing IML on DU represents a
more advanced stage of atherosclerosis and precedes
the development of significant thickening.60,61 The
increased echogenicity of the IML may also be
partially explained by natural changes in arterial
wall contents as we age. The degree of this reflectivity
needs to be further measured in larger studies in order
to obtain its discriminating value. The current study is
the first to evaluate the IML morphology. The previous
studies assessed only the IML granularity. Our
findings could be used in longitudinal studies
evaluating treatment or the natural history of
atherosclerosis.
More calcification was noted in the IML of patients
with atherosclerotic risk factors. Studies indicate that
although mineralization correlates with overall plaque
burden, there may be variability in the degree of
mineralization in patients with similar levels of
atherosclerosis. In addition, there may be advanced
plaques without mineralization, indicating that lesion
formation does not always trigger the calcification
process.62 The role of calcification in atherosclerosis
may be dependent on its distribution pattern within aEur J Vasc Endovasc Surg Vol 30, 12 2005lesion.63 Despite the recent interest in coronary
calcifications,58,64 its implications within the carotid
IML have not been investigated. Calcification of the
carotid IML is another novel finding in the study,
which needs further evaluation to determine its
significance.Conclusion
Carotid IMT increases and the IML becomes more
irregular and brighter with age and in the presence of
atherosclerotic risk factors. The highest IMT values are
seen at the origin of the bulb. Carotid wall calcification
is only found in older subjects with risk factors for
atherosclerosis. The changes in IMT and IML in
subjects with risk factors indicate that their arteries
are older than their age. The presence of multiple risk
factors increases these effects. These observations may
provide insight into the progression of arterial
enlargement and arteriosclerosis and could be useful
as a surrogate endpoint to direct treatment of
atherosclerosis.References
1 Elveback LR, Connolly DC, Kurland LT. Coronary heart
disease in residents of Rochester, Minnesota. II. Mortality,
incidence, and survivorship, 1950–1975. Mayo Clin Proc 1981;56:
665–672.
2 Chaitman BR, Bourassa MG, Davis K et al. Angiographic
prevalence of high-risk coronary artery disease in patient subsets
(CASS). Circulation 1981;64:360–367.
3 Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE.
Common carotid intima-media thickness and risk of stroke and
myocardial infarction: The Rotterdam Study. Circulation 1997;96:
1432–1437.
4 O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK et al. Carotid-artery intima and media thickness as a
risk factor for myocardial infarction and stroke in older adults.
NEJM 1999;340:14–22.
5 Poli A, Tremoli E, Colombo A, Sirtori M, Pignoli P,
Paoletti R. Ultrasonographic measurement of the common
carotid artery wall thickness in hypercholesterolemic patients: a
new model for the quantitation and follow-up of pre-clinical
atherosclerosis in living human subjects. Atherosclerosis 1988;70:
253–261.
6 Sabetai MM, Tegos TJ, Nicolaides AN, Dhanjil S, Pare GJ,
Stevens JM. Reproducibility of computer-quantified carotid
plaque echogenicity: Can we overcome the subjectivity? Stroke
2000;31:2189–2196.
7 Furberg CD, Adams Jr HP, Applegate WB et al. Effect of
lovastatin on early carotid atherosclerosis and cardiovascular
events: Asymptomatic Carotid Artery Progression Study
(ACAPS) Research Group. Circulation 1994;90:1679–1687.
8 MacMahon S, Sharpe N, Gamble G et al. Effects of lowering
average of below-average cholesterol levels on the progression of
carotid atherosclerosis: Results of the LIPID Atherosclerosis
Substudy. LIPID Trial Research Group. Circulation 1998;97:1784–
1790.
Are Your Arteries Older Than Your Age? 5959 Taylor AJ, Kent SM, Flaherty PJ, Coyle LC, Markwood TT,
Vernalis MN. ARBITER: Arterial biology for the investigation of
the treatment effects of reducing cholesterol: A randomized trial
comparing the effects of atorvastatin and pravastatin on carotid
intima medial thickness. Circulation 2002;106:2055–2060.
10 Espeland MA, Hoen H, Byington R, Howard G, Riley WA,
Furberg CD. Spatial distribution of carotid intimal-medial
thickness as measured by B-mode ultrasonography. Stroke 1994;
25:1812–1819.
11 Raitakari OT, Juonala M, Kahonen M et al. Cardiovascular
risk factors in childhood and carotid artery intima-media
thickness in adulthood—the cardiovascular risk in young Finns
study. JAMA 2003;290:2277–2283.
12 Touboul PJ, Prati P, Scarabin PY, Adrai V, Thibout E,
Ducimetiere P. Use of monitoring software to improve the
measurement of carotid wall thickness by B-mode imaging.
J Hypertens 1992;10(Suppl):37–41.
13 Ebrahim S, Papacosta O, Whincup P et al. Carotid plaque,
intima media thickness, cardiovascular risk factors, and preva-
lent cardiovascular disease in men and women: The British
Regional Heart Study. Stroke 1999;30:841–850.
14 Salonen JT, Korpela H, Salonen R, Nyyssonen K. Precision
and reproducibility of ultrasonographic measurement of pro-
gression of common carotid artery atherosclerosis. Lancet 1993;
341:1158–1159.
15 Salonen R, Salonen JT. Determinants of carotid intima-media
thickness: A population based ultrasonography study in eastern
Finnish men. J Intern Med 1991;229:225–231.
16 Howard G, Sharrett AR, Heiss G et al. Carotid artery intimal-
medial thickness distribution in general populations as evaluated
by B-mode ultrasound. ARIC Investigators. Stroke 1993;24:1297–
1304.
17 Labropoulos N, Mansour AM, Kang SS, Oh DS, Buckman J,
Baker WH. Viscoelastic properties of normal and atherosclerotic
carotid arteries. Eur J Vasc Endovasc Surg 2000;19:221–225.
18 O’Rourke M. Arterial stiffness, systolic blood pressure, and
logical treatment of arterial hypertension. Hypertension 1990;15:
339–347.
19 Ferrera L, Marcello M, Celentano A et al. Early changes of
arterial carotid wall in uncomplicated primary hypertensive
patients. Arterioscler Thromb 1994;14:1290–1296.
20 Bonithon-Kopp C, Touboul P, Berr C et al. Relation of intima-
media thickness to atherosclerotic plaques in carotid arteries: The
Vascular Aging (EVA) Study. Arterioscler Thromb Vasc Biol 1996;16:
310–316.
21 Gariepy J, Massonneau M, Levenson J et al. Groupe de
prevention Cardio-vasculaire en Medecine du Travail. Evidence
for in vivo carotid and femoral wall thickening in human
hypertension. Hypertension 1993;22:111–118.
22 Paivansalo M, Rantala A, Kauma H et al. Prevalence of carotid
atherosclerosis in middle-aged hypertensive and control subjects.
A cross-sectional systematic study with duplex ultrasound.
J Hypertens 1996;14:1433–1439.
23 Liao D, Arnett DK, Tyroler HA et al. Arterial stiffness and the
development of hypertension. The ARIC study. Hypertension
1999;34:201–206.
24 O’Rourke MF, Staessen JA, Vlachopoulos C, Duprez D,
Plante GE. Clinical applications of arterial stiffness; definitions
and reference values. Am J Hypertens 2002;15:426–444.
25 Ross R. Atherosclerosis: An inflammatory disease. N Engl J Med
1999;340:115–126.
26 Gariepy J, Simon A, Massonneau M et al. Wall thickening of
carotid and femoral arteries in male subjects with isolated
hypercholesterolemia. Atherosclerosis 1995;113:141–151.
27 Fisicaro M, Da Col PG, Tonizzo M et al. Early carotid
atherosclerosis in asymptomatic adults with primary moderate
hypercholesterolemia: A case control study. Atherosclerosis 1994;
106:255–261.
28 Pauciullo P, Iannuzzi A, Sartorio R et al. Increased intima-
media thickness of the common carotid artery in hypercholer-
sterolemic children. Arterioscler Thromb 1994;14:1075–1079.29 Tonstad S, Joakimsen O, Stensland-Bugge E et al. Risk factors
related to carotid intima-media thickness and plaque in children
with familial hypercholesterolemia and control subjects. Arter-
ioscler Thromb Vasc Bio 1996;16:984–991.
30 Wendelhag I, Wiklund O, Wikstrand J. Arterial wall thickness
in familial hypercholesterolemia. Ultrasound measurement of
intima-media thickness in the common carotid artery. Arterioscler
Thromb 1992;12:70–77.
31 Zanchetti A, Bond MG, Hennig M et al. Risk factors associated
with alterations in carotid intima-media thickness in hyperten-
sion: Baseline data from the European Lacidipine Study on
Atherosclerosis. J Hypertens 1998;16:949–961.
32 Sharrett AR, Patsch W, Sorlie PD et al. Associations of
lipoprotein cholesterols, apolipoproteins A-I and B, and trigly-
berides with carotid atherosclerosis and coronary heart disease.
The Atherosclerosis Risk in Communities (ARIC) Study. Arter-
ioscler Thromb 1994;14:1098–1104.
33 Picard S, Talussot C, Serusclat A et al. Minimally oxidised
LDL as estimated by a new method increase in plasma of type 2
diabetic patients with atherosclerosis or nephropathy. Diabetes
Metab 1996;22:25–30.
34 Salonen JT, Yla-Herttuala S, Yamamoto R et al. Autoanti-
bodies against oxidized LDL and progression of carotid
atherosclerosis. Lancet 1992;339:883–887.
35 Wilt TJ, Rubins HB, Robins SJ et al. Carotid atherosclerosis in
med with low levels of HDL cholesterol. Stroke 1997;28:1919–
1925.
36 Pujia A, Gnasso A, Irace C et al. Common carotid arterial wall
thickness in NIDDM subjects. Diabetes Care 1994;17:1330–1336.
37 Mowbray PI, Lee AJ, Fowkes GR et al. Cardiovascular risk factors
for early carotid atherosclerosis in the general population: The
Edinburgh Artery Study. J Cardiovasc Risk 1997;4:357–362.
38 Sun P, Dwyer K, Merz C et al. Blood pressure, LDL cholesterol,
and intima-media thickness: a test of the ‘response to injury’
hypothesis of atherosclerosis. Arterioscler Thromb Vasc Biol 2000;
20:2005–2010.
39 Salonen JT, Salonen R. Risk factors for carotid and femoral
atherosclerosis in hypercholesterolaemic men. J Intern Med 1994;
236:561–566.
40 Williams KJ, Tabas I. The response-to-retention hypothesis of
early atherogenesis. Arterioscler Thromb Vasc Biol 1995;15:551–561.
41 Wagenknecht LE, D’Agostino Jr RB, Haffner SM et al.
Impaired glucose tolerance type 2 diabetes, and carotid wall
thickness: The Insulin Resistance Atherosclerosis Study. Diabetes
Care 1998;21:1812–1818.
42 Wagenknecht LE, Dagostino Jr R, Savage PJ et al. Duration of
diabetes and carotid wall thickness. The Insulin Resistance
Atherosclerosis Study (IRAS). Stroke 1997;28:999–1005.
43 Merrin PK, Renton S, Fisher C et al. Serum lipids and
apolipoproteins and their relationship with macrovascular
disease in type 1 diabetes. Diabet Med 1994;11:402–406.
44 Kanters SD, Algra A, Banga JD. Carotid intima-media
thickness in hyper lipidemic type 1 and type II diabetic patients.
Diabetes Care 1997;20:276–280.
45 Jensen-Urstad KJ, Reichard PG, Rosfors JS et al. Early
atherosclerosis is retarded by improved long-term blood glucose
control in patients with IDDM. Diabetes 1996;45:1253–1258.
46 Lassila HC, Tyrrell KS, Matthews KA et al. Prevalence and
determinants of carotid atheroscleosis in healthy postmenopau-
sal women. Stroke 1997;28:513–517.
47 Tell GS, Polak JF, Ward BJ et al. Relation of smoking with
carotid artery wall thickness and stenosis in older adults. The
Cardiovascular Health Study. The Cardiovascular Health Study
(CHS) Collaborative Research Group. Circulation 1994;90:2905–
2908.
48 Salonen R, Salonen JT. Progression of carotid atherosclerosis
and its determinants: A population-based ultrasonography
study. Atherosclerosis 1990;81:33–40.
49 Markus RA, Mack WJ, Azen SP et al. Influence of lifestyle
modification on atherosclerotic progression determined byEur J Vasc Endovasc Surg Vol 30, 12 2005
N. Labropoulos et al.596ultrasonographic change in the common carotid intima-media
thickness. Am J Clin Nutr 1997;65:1000–1004.
50 Nora JJ, Lortscher RH, Spangler RD. Genetic—epidemiologic
study of early—onset ischemic heart disease. Circulation 1980;61:
503–508.
51 Friedlander Y, Siscovick DS, Weinmann S et al. Family history
as a risk factor for primary cardiac arrest. Circulation 1998;97:155–
160.
52 Barrett-Connor E, Khaw K. Family history of heart attack as an
independent predictor of death due to cardiovascular disease.
Circulation 1984;69:1065–1069.
53 Myers RH, Kiely DK, Cupples A, Kannel WB. Parental history
is an independent risk factor for coronary artery disease: The
Framingham Study. Am Heart J 1990;120:963–969.
54 Linhart A, Gariepy J, Massonneau M et al. Carotid intima-
media thickness: the ultimate surrogate end-point of cardiovas-
cular involvement in atherosclerosis. Appl Radiol 2000;29:25–39.
55 Gariepy J, Salomon J, Denarie N et al. Sex and topographic
differences in associations between large-artery wall thickness
and coronary risk profile in a French working cohort: The AXA
Study. Arterioscler Thromb Vasc Biol 1998;18:584–590.
56 Gnasso A, Irace C, Mattioli PL et al. Carotid intima-media
thickness and coronary heart disease risk factors. Atherosclerosis
1996;119:7–15.
57 Ross R. The pathogenesis of atherosclerosis: A perspective for the
1990s. Nature 1993;362:801–809.
58 Fiorino AS. Electron-beam computed tomography, coronary
artery calcium, and evaluation of patients with coronary artery
disease. Ann Intern Med 1998;128:839–847.Eur J Vasc Endovasc Surg Vol 30, 12 200559 Belcaro G, Fisher C, Veller M et al. Screening asymptomatic
subjects with subclinical arteriosclerotic lesions with arterial
ultrasonic biopsy. The P.A.P. study. Vasa 1993;22:232–240.
60 Belcaro G, Laurora G, Cesarone MR et al. Progression of
subclinical atherosclerosis in 6 years. Ultrasound evaluation of
the average, combined femoral and carotid bifurcation intima-
media thickness. Vasa 1995;24:227–232.
61 Ellis SM, Sidhu PS. Granularity of the carotid artery intima-
medial layer: Reproducibility of quantification by a computer-
based program. Br J Radiol 2000;73:595–600.
62 Sangiorgi G, Rumberger JA, Severson A et al. Arterial
calcification and not lumen stenosis is highly correlated with
atherosclerotic plaque burden in humans: A histologic study of
723 coronary artery segments using non decalcifying method-
ology. J Am Coll Cardiol 1998;31:126–133.
63 Hunt K, Folsom A, Sharrett R et al. Acoustic shadowing on
B-mode ultrasound of the carotid artery predicts ischemic stroke.
The Atherosclerosis Risk in Communities (ARIC) Study. Stroke
2001;32:1120–1126.
64 Arad Y, Spadaro LA, Goodman K et al. Predictive value of
electron beam computed tomography of the coronary arteries: 19
month follow-up of 1173 asymptomatic subjects. Circulation 1996;
93:1951–1953.
Accepted 7 June 2005
Available online 1 August 2005
